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The existing literature which is concerned with various parameters
(Fuksl, Lyshevskiiz, Vyrubov3, and others) examines problems of accel-
eration and inhibition of droplets in a gas flow. Also known are inves-
tigations of thermal and '"expendable' influence (effect) on gas flow
during evaporation and appearance of droplets by condensation®. In the
solution of those problems the mechanical interaction between the gas
and droplets was not considered.

Kh. A. Khassan in his investigation55 , 1964, used a successive
approximation method for solving the problem on thermal and mechanical
interaction between solid particles and a gas flow. The particle dynamic
equation in this study was made by a linear (Stokes) approximation with-
out the pressure gradient which significantly limits the application area
of this method.

This article examines the gas flow and droplets, the temperature
and velocity of which are essentially different; therefore, the thermal
and mechanical interaction is considered and the droplet dynamics
equation is made in form of a quadratic law where the pressure gradi-
ent is also considered.

As presented in this article the problem is useful for instances
appearing frequently in the technology, and will satisfy within the
following limitations:

1. The lines of the flow change smoothly, the channel length is
greater than the width; suitable one -dimensional approximation.

2. No chemical and phase changes.

3. Number of droplets occuring in 1 kg. of gas, their dimensions,
and the parameters of the gas are such that the following inequality is
formed:

2dy < < L, (1)
where

di - statistical mean.diameter of the droplet by weight,

I - statistical mean distance between the droplets,

L. - linear dimension of total flow.

4. The thermal conductivity of the liquid is high; therefore, it is
assumed that the droplet temperature is distributed equally.



5. The gas velocity with respect to the droplet should be subsonic.
The following assumptions are used for the composition and solution of
the equations:

a) the probability of a break-up and collision of the droplets
is negligible; all the droplets of uniform dimensions are equal by weight
according to their statistical mean (dk,;

b) the mechanical interaction between the gas and droplets
occurs in form of an elastic impact; dissipation of energy during this
process is insignificant.

According to the inequality (1) a small volume contains a large
number of droplets with respect to the total flow. The gas and droplet
parameters in this volume are uniform in size and change smoothly in
the direction of flow. Disturbances in the gas flow caused by the inter-
action with each droplet will level off in a short interval. Therefore
the gas pa’rametérs may be averaged for a small volume (element)
integrating all droplets affecting the flow. This is equivalent to con-
sidering a volumetric force of interaction with droplets, and the heat
capacity of droplets in the volume (Pk, Q) .

For calculation of that process we will use separate equations for
each phase.

Equation of the gas flow dynamics:
pwW — + —== = I"k. (2)

This equation may be used here as an extension of the Bernoulli
equation:

wdw + % dp = -é— Pyrdx = gdL. {(2a)

Equation of the first element for gas in motion for a stationary coordi-
nate system:

WZ
dQ=dI+Ad(2—g + AdL. (3)

Equation of state:

p = pRTg. (4)




Equation of discontinuity:
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Equation of the droplet dynamics:

du Cr 94 dp
- 2
(p,x+l)mk > p (w -u) -de—Xk

di

Equation of the droplet heat balance:

dT
afy (T - Tk)= my gCy d'rk

Considering that

dQ = - p.deTk ’
dL = udu,

g
dl = deT,

(5)

(6)

(7)

(8)

(9)

(10)

and normalizing the sought functions at their initial values we obtain:
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Su=13 (17)
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Po ° dy p( 0 ) kMg

The following symbols were introduced in the Equations (2) - (17):

pC 1 T
B=.k- . ko;

AR kM T,

e G8 o w - w. T, T

w,p, T,p,F,R, Kk, CP, M - velocity, pressure, temperature, density,

cross section, gas constant, adiabatic indicator, heat capacity at a
constant pressure, and the Mach number of a gas flow;

u,pg, Ty, Cy» - velocity, density, temperature and heat capacity of the
liquid phase (droplet);

S - cross section of the flow taken by the liquid phase;
my, Vi, Q. dy - mass, volume, surface and the droplet diameter;

Cyx - coefficient of the resistance;
a - heat transfer coefficient from gas to droplet;
()' - derivative by x;

My - coefficient of additional mass;

kcal.

A = (421)7!
kg mass

b

g =9.81 m/sec? ;

X - coordinate of the droplet at a moment of time 7.

_ The following unknowns are in the system (11) - (18): _w,ﬁ, te P
Ptk X oo S. The initial conditions : at T =0, xc = 0, w=u=t,.=t

:;:; :g: 1.




The above mentioned coefficients should be used for the solution,
also the F(x) or any other unknown function. If the parameters change
over a large range the coefficients C,, a, C,, and k are variables.

p

Generally the solution of the system (11) - (18) is obtained numer-
ically. In the isobaric and isochoric process, when i‘-(x) must be such
that it will satisfy p=1 or p =1, certain functions are found to be in a
terminal form or in the quadratures (19) - (29).

The isobaric process
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The isochoric process
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Figures 1,2, and 3 show results of the isochoric process calcu-
lation to illustrate the influence of the relative flow rate (u), the drop-
let dimension (dk), the initial conditions of the droplet heating period,
and the leveling-off rate of the velocities. Using an electronic computer,
a calculation was made for the water vapor, where the water had
constant values throughout the process C_ = 0. 62; k = 1.3;

kg.
R = 47 ——22% | a5d initial values of Ty, = 290°K, T, = 2100°K,
kg.
Pg = 2atm and u, = 50 ;:C » wo = £(M,) when the vapor first appeared,

that is, at the very moment when the temperature of the droplet reached
the temperature of saturation at a local pressure.

In Jenkins'work® the deformation of the droplet was considered by
the selection of the value C,.

Completion of the inequality (1) was controlled by estimating the
distance (I) between the droplets using equation

(36)

For analyzed examples [ > 3dy in all cross sections. Figures 1
and 2 show the dependence of the gas temperature and relations between
the velocities of phases, corresponding to the beginning of evaporation,
from the relative flow rate (p). Figure 3 shows the dependence of the
coordinate point, where evaporation begins, from p. The dashed curves

micra in diameter. All the dependencies are shown for the two init: 1
Mach numbers (0. 2; 0. 5).
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Figure 4 shows changes of temperatures and velocities in the
direction of flow in order. to illustrate the characteristic of the flow
process at My; = 0.2 and p= 0.1. The calculation results indicate the
wide range of possible values that are characteristic of the gas dynamic
process that depends upon the above discussed conditions of its flow
(dk, B, My and others\ prior to the beginning of the phase changes.
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